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UNDERGROUND GOB GAS DRAINAGE DURING LONGWALL MINING 
by 
Steven J. Schatzel, 1 Gerald L. Finf inger(2 and Joseph Cerv ik3 
ABSTRACT 
Gas dra inage  through s u r f a c e  bnre- vactirlm on a p i p e l i n e  p a r e l l e l i n g  t h e  
h o l e s  has  been t h e  convent iona l  means of pane l  and draws t h e  methane mix ture  o u t  
methane c o n t r o l  f o r  U.S. longwal l  gobs. of t h e  mine. 
However, t h e s e  v e r t i c a l  boreholes  a r e  
becoming s o  c o s t l y ,  and t h e  s u r f a c e  A u x i l i a r y  systems of gob gas  d r a in -  
r i g h t s  s o  d i f f i c u l t  t o  o b t a i n ,  t h a t  t h e  age  d u r i n g  longwal l  mining w i l l  be essen-  
Bureau of Mines is  developing underground t i a l  f o r  an i n c r e a s i n g  number of c o a l  
gob g a s  d ra inage  a s  a n  a l t e r n a t e  means of mines. Deep and gassy  mines o f t e n  f i n d  
methane c o n t r o l  f o r  U.S. longwal ls .  v e n t i l a t i o n  i n s u f f i c i e n t  f o r  adequa te  
Holes a r e  d r i l l e d  i n t o  t h e  roof over  t h e  d i l u t i o n  of methane i n  b l eede r  e n t r i e s .  
pane l  and on r e t r e a t i n g  l ongwa l l s ,  Although t h i s  cross-measure method of 
towards t h e  working f a c e  from a l o c a t i o n  d e g a s i f i c a t i o n  ha s  been used s u c c e s s f u l l y  
inby t h e  face .  As t h e  longwal l  r e t r e a t s ,  i n  Europe, some of t h e  European tech-  
a n  i n c r e a s i n g  p o r t i o n  of t h e  ho l e  i n t e r -  n iques  cannot  be d i r e c t l y  a p p l i e d  t o  U.S. 
c e p t s  t h e  f r a c t u r e  system over  t h e  caved mines. Th is  i s  t h e  f i r s t  s tudy  of i t s  
gob. A s u r f a c e  exhaus t e r  main ta ins  a  k ind  i n  t h i s  country .  
INTRODUCTION 
Convent ional  U.S. gob gas c o n t r o l  e n t r i e s ,  t h e  Bureau i s  exp lo r i ng  gob ga s  
c o n s i s t s  i n  v e n t i l a t i o n  of gob a r e a s  and d r a inage  from underground l o c a t i o n s  a s  a n  
d r a i n a g e  through s u r f a c e  boreholes .  How- a l t e r n a t e  method of  methane c o n t r o l  of  
e v e r ,  t h e  mining of  deeper  coalbeds  and u.'s. longwal l s .  
t h e  s c a r c i t y  of s u i t a b l e  s u r f a c e  loca-  
t i o n s  h a s  i nc r ea sed  t h e  c o s t  of s u r f a c e  Underground d r a inage  of gob gas  h a s  
boreholes .  I r r e g u l a r  topography and t h e  been used e x t e n s i v e l y  i n  Europe, where 
i n a v a i l a b i l i t y  of s u r f a c e  r i g h t s  can c o a l  b a s i n s  t end  t o  be deeper  t han  t h o s e  
f o r c e  some mines t o  r e l y  on t h e  normal i n  t h e  United ~ t a t e s . 4  Genera l ly ,  Euro- 
v e n t i l a t i o n  system a s  t h e  on ly  means of 
reduc ing  methane concen t r a t i ons .  How- 
e v e r ,  s i n c e  t h i s  may no t  be s u f f i c i e n t  t o  
adequa te ly  d i l u t e  methane i n  b l eede r  
2 ~ u p e r v i s o r y  g e o l o g i s t .  
3 ~ u p e r v i s o r y  g e o p h y s i c i s t .  
A l l  a u t h o r s  a r e  w i t h  t h e  P i t t s b u r g h  
Resea rch  C e n t e r ,  Bureau o f  Mines, 
P i t t s b u r g h ,  Pa. 
pean coa lbeds  a r e  s t e e p l y  d ipp ing  w i t h  a  
h igh  degree of t e c t o n i c  d i s t u rbance .  
Outburs t s  of c o a l ,  methane, and rock a r e  
a  s e r i o u s  problem. The f i r s t  l a rge - s ca l e  
underground methane dra inage  and p i p i n g  
4 ~ e r v i k ,  J. Methane C o n t r o l  on 
Longwalls--European and U.S. Prac- 
t i c e s .  SME-AIME Ann. Meeting,  New 
O r l e a n s ,  La. ,  Feb. 18-22, 1979; SME- 
P r e p r i n t  COAL 79-06, 10 pp. 
systems were i n t r o d u c e d  i n  1943 by t h e  r 
Germans. S ince  t h a t  t ime ,  d e g a s i f i c a t i o n  0, =I 
0 
d u r i n g  longwal l  o p e r a t i o n s  h a s  become t h e  
most impor tan t  methane d r a i n a g e  t e c h n i q u e  Lower Mahoning Sandstone 
th roughout  Europe. Cross-measure bore- 
h o l e s  a r e  d r i l l e d  i n t o  t h e  roof  o v e r  t h e  Upper Freeport Coalbed (€1 
Upper Freeport Limestone 
p a n e l  and sometimes i n t o  t h e  f l o o r  
b e n e a t h  t h e  longwall .  C r i b b i n g  p r e v e n t s  Bolivar Fire Clay 
f u l l  cav ing  on s i n g l e - e n t r y  advancing 
l o n g w a l l s  commonly used i n  European c o a l  Butler Sandstone 
mines. I n  Poland and Czechoslovakia ,  
o v e r  90 p c t  of t h e  g a s  i s  recovered  and Lower Freeport Coal bed (0) 
used. 5 Lower Freeport Limestone 
The m u l t i p l e - e n t r y  r e t r e a t i n g  long- 
w a l l s  used i n  t h e  U.S. r e q u i r e  c e r t a i n  Freeport Sandstone 
changes  i n  t h e  European approach.  I n  
p a r t i c u l a r ,  t h e  main methane p i p e l i n e  Upper Kittanning Coolbed (c') 
c o n n e c t i n g  t h e  cross-measure  b o r e h o l e s  t o  Johnstown Limestone 
t h e  s u r f a c e  b o r e h o l e  cannot  be a d j a c e n t  Upper Worthington Sandstone 
t o  t h e  f u l l  cav ing  gob. The p r e s e n t  
r e p o r t  d e s c r i b e s  a n  i n i t i a l  a t t e m p t  t o  
assess t h e  f e a s i b i l i t y  of a d a p t i n g  
European technology t o  U.S. mining Middle Kittanning Cool Group ( c )  
c o n d i t i o n s .  
ACKNOWLEDGMENTS Lower Worthington 
Lower Kittanning "Rider" 
The a u t h o r s  thank  t h e  C e n t r a l  Mining Coalbed (8') 
I n s t i t u t e  of Poland and t h e  f o l l o w i n g  
p e r s o n n e l  from Bethlehem Mines Corp.'s 
Lower Kittanning Coalbed ( 0 )  
Cambria D i v i s i o n  and Cambria 3 3  Mine: 
E. J. Korber,  Manager; F. A. Burns,  Gen- 
rlon e r a 1  Super in tenden t ;  Dan Weaver, Mining 
Engineer ;  and B i l l  Radabaugh, Mine FIGURE 1. - Generalized stratigraphic columnof 
Foreman. Free port and Kittonn ing Formations. 
LOCAL GEOLOGY 
The K i t t a n n i n g  and F r e e p o r t  Forma- 
t i o n s  of Pennsylvanian a g e  were t h e  sub- 
j e c t  of t h i s  s t u d y  ( f i g .  1).  Depos i t ion  
of t h e s e  fo rmat ions  i s  thought  t o  have 
t a k e n  p l a c e  i n  a d e l t a i c  environment. 
The low accumulat ion r a t e  of d e t r i t a l  
sediment  a l lowed v a s t  swamp marshes t o  
' ~ a t u s z e w k i ,  J . ,  and W. S ikore .  Report  
on t h e  Technology of  D e g a s i f i c a t i o n  of 
Mines i n  Poland and Other  European 
Count r i es .  BuMines P r o j e c t  14- 
01-0001-1447, January  1978, 117 pp.; 
a v a i l a b l e  f o r  c o n s u l t a t i o n  a t  P i t t s -  
burgh Research Center ,  Bureau o f  
Mines, P i t t s b u r g h ,  Pa. 
develop.6 The complexi ty  of t h e  deposi -  
t i o n a l  environment produced l i t h o l o g i c  
g r a d a t i o n s  and d i s c o n t i n u i t i e s .  The 
Lower K i t t a n n i n g  Coalbed i s  g e n e r a l l y  
t h i c k e r  t h a n  t h e  Upper Ki t t ann ing ,  bu t  
bo th  a r e  minable. Be t h l e h e n  Mines 
Corp. 's Cambria 33 Mine o p e r a t e s  i n  bo th  
coa lbeds  s imul taneous ly .  On t h e  s t u d y  
pane l ,  t h e  Upper K i t t a n n i n g  (C' Coalbed) 
v a r i e s  from 29 t o  45 i n  (74 t o  114 cm) i n  
6 ~ u g l i o ,  D. G., and A. T. Iannacchione.  
Geology, Mining and Methane Content  o f  
t h e  F r e e p o r t  and K i t t a n n i n g  Coalbeds 
i n  I n d i a n a  and Surrounding Count ies ,  
Pa. BuMines R I  8406, 1979, pp. 20-25. 
he igh t .  The Middle Ki t tanning  i s  t h e  t h e  f i r s t  20 f t  (6.1 m) of each ho le  
l e a s t  continuous of t h e  Freepor t  and revea led  a  s h a l e  and sandstone r o o f ,  w i th  
K i t t ann ing  c o a l  groups. The c ross -  t h e  percentage of sandstone inc reas ing  
measure boreholes  were d r i l l e d  i n t o  wi th  t h e  ho l e  depth  i n t o  t h e  immediate 
t h e  immediate roof rock of t he  Upper roof .  
K i t t a n i n g  horizon. Cores r e t r i e v e d  from 
STUDY AREA 
This  experiment was conducted on t h e  
pane l  between s e c t i o n s  1  and 2  Le f t  
ad j acen t  t o  1  West i n  Bethlehem Mines 
Corp. 's Cambria 33 Mine (C' Coalbed) 
i n  Ebensburg, Pa. ( f ig .  2). Fede ra l  
r e g u l a t i o n s  r e q u i r e  underground methane 
p i p e l i n e s  L u  be i n  r e t u r n  a i r .  E n t r i e s  1  
and 2  a r e  r e t u r n s ,  e n t r y  3 i s  an i n t a k e ,  
and t h e  b e l t l i n e  i s  loca t ed  i n  e n t r y  4  
( f i g ,  3) .  The p i p e l i n e  was placed i n  t h e  
No. 2 e n t r y ,  l e av ing  t h e  i n t a k e  and one 
r e t u r n  escapeway unobstructed. With 
160 f t  (49 m) s e p a r a t i n g  t h e  pane l  from 
t h e  No, 2  e n t r y  and double pos t s  a long  
t h e  l eng th  of t h e  r e t u r n ,  t h e r e  i s  no 
danger of t h e  co l l apsed  gobs i n t e r f e r i n g  
wi th  t h e  p ipe l ine .  
Mining on t h e  pane l  began on 
Mar. 24, 1980. D r i l l i n g  began on May 22. 
Figure 2 shows t h e  f ace  l o c a t i o n  on 
May 21, 1980. 
FIGURE 2. - Bethlehem Mines Corp.'s Cambria 33 Mine (C'Coolbed) in Ebensburg, Pa. 
PLAN VIEW 
ELEVATION 
FIGURE 3. - Study panel, cross-measure boreholes, underground pipeline, and vertical boreholes. 
DRILLING EQUIPMENT AND PROCEDURE 
Two s e t s  of hole  parameters were 
e s t a b l i s h e d  before  t h e  s t a r t  of t h e  
s tudy ;  a  t h i r d  s e t  was based on prelimin- 
a r y  d a t a  y i e lded  by t h e  f i r s t  two holes .  
The parameters included ho le  l eng th ,  
i n c l i n a t i o n ,  and azimuth ( t h e  a c u t e  ang le  
made by ho le  and t h e  long  a x i s  of t h e  
longwall) .  A l l  ho l e s  were d r i l l e d  
towards t h e  f a c e  from a l o c a t i o n  inby t h e  
face .  
With ho l e s  o r i e n t e d  i n  t h i s  manner, 
t h e  d u r a t i o n  and volume of gob gas  f lows 
can be maximized. The f r a c t u r e  system 
f i r s t  encounters  t h e  back of each hole.  
A s  t h e  longwall  r e t r e a t s  an  i n c r e a s i n g  
p o r t i o n  of t h e  h o l e  i n t e r c e p t s  t h e  f r a c -  
t u r e  system, producing increased  flows. 
With a l l  o t h e r  condi t ions  remaining con- 
s t a n t ,  r e l a t i v e l y  long ho le s  i n c r e a s e  t h e  
s u r f a c e  a r e a  f o r  methane capture .  Acute 
azimuth angles  i n c r e a s e  t h e  component of 
t h e  ho l e  p a r a l l e l i n g  t h e  a x i s  of t he  
longwall ,  thus  i nc reas ing  t h e  d u r a t i o n  of  
f low wi th  r e spec t  t o  t h e  progress ion  of  
t h e  working face.  Also, a c u t e  azimuth 
a n g l e s  mean t h a t  a  l a r g e  p o r t i o n  of ho l e  
i s  used i n  t r a v e r s i n g  t h e  e n t r i e s  
ad j acen t  t o  t h e  longwal l  where mine a i r  
might be captured. Large ang le s  of 
i n c l i n a t i o n  a l low t h e  h o l e s  t o  communi- 
c a t e  w i t h  a  l a r g e  number of p o t e n t i a l  
methane-bearing s t r a t a ,  while  decreas ing  
flow a s  t he  methane i s  t r anspo r t ed  
through smal l ,  ex t ens ive  f r a c t u r e s .  In  
gene ra l ,  ho l e  t r a j e c t o r i e s  a r e  designed 
t o  pass  over  t h e  pane l  a t  a  minimum of 
f i v e  times t h e  h e i g h t  of t he  coalbed. 
A l l  ho l e s  i n  t h i s  s tudy  achieved enough 
h e i g h t  over  t h e  pane l  t o  a t  l e a s t  pene- 
t r a t e  t h e  Lower Freepor t  horizon. 
Since surveying  was no t  incorpora ted  
i n t o  t h e  d r i l l i n g  c y c l e ,  t r u e  ho l e  param- 
e t e r s  were on ly  approximated u n t i l  a  sur-  
vey could be done once te rmina l  l e n g t h  
had been reached. Hole 1 maintained t h e  
20" (0.35 r ad )  i n c l i n a t i o n  a t  t h e  c o l l a r ;  
ho l e  2  dropped below the  i n i t i a l  12" 
(0.21 r ad )  i n c l i n a t i o n ;  and ho le  3 ,  
s t a r t e d  a t  22" (0.38 r ad )  above t h e  hor i -  
zon ta l ,  tu rned  upward ( t a b l e  1).  Hole 3 
parameters were s e l e c t e d  t o  compare U.S. 
and European coalbed c h a r a c t e r i s t i c s  w i th  
r e s p e c t  t o  abutment pressures  and gas 
flows. Holes 1  and 3 i n t e r c e p t e d  a 
water-bearing horizon,  t h e  Mahoning 
Sandstone ( f i g .  1). 
TABLE 1. - Hole pa ramete r s  
A p o s t n o u n t e d  e l e c t r o h y d r a u l i c  
d r i l l  was used f o r  t h i s  s tudy  ( f i g .  4 ) .  
The d r i l l ' s  h y d r a u l i c  motor and p i s t o n s  
r e c e i v e  f l u i d  from a 20 hp,  460-V e l e c -  
t r i c  motor. Because of space  l i m i t a t i o n s  
a t  t h e  d r i l l  s i t e s ,  t h e  s t a n d a r d  Bureau 
s t u f f i n g  box was r e p l a c e d  w i t h  a  4-in 
(10-cm) t e e  screw-fas tened t o  a  s e c t i o n  
o f  g r o u t e d  s t e e l  cas ing.  Water and g a s  
were drawn o f f  through a  s i n g l e  opening 
and s e p a r a t e d  a t  a n o t h e r  l o c a t i o n .  The 
d r i l l  was s i t u a t e d  i n  t h e  No. 2  e n t r y .  
H y d r a u l i c  h o s e s  c a r r i e d  f l u i d  from t h e  
i n t a k e  a i r  of t h e  No. 3  e n t r y  t o  t h e  
d r i l l  u n i t  ( f i g .  3 ) .  
Each of  t h e  t h r e e  h o l e s  was s t a r t e d  
w i t h  a  c o r e  b i t  4  i n  ( 1 0  cm) i n  d i a m e t e r  
mounted on a  2 - f t  (0.6-m) c o r e  b a r r e l .  
The h o l e s  were d r i l l e d  t o  a  d e p t h  o f  
abou t  23 f t  ( 7  m). The f i r s t  3  f t  
(0.9 m) were t h e n  reamed t o  6  i n  ( 1 5  cm) 
w i t h  a  d r a g  b i t .  A 3 - f t  (0.9-m) l e n g t h  
of s t e e l  c a s i n g  was g r o u t e d  i n  p l a c e  and 
a l lowed t o  s e t .  The remainder  of  t h e  
h o l e  was d r i l l e d  w i t h  a  s m a l l e r  c o r e  b i t ,  
a b o u t  2.3 i n  (5.8 cm) i n  d iamete r ,  
mounted on a  4-f t  (1.2711) c o r e  b a r r e l .  
The s m a l l  s u r f a c e  a r e a  of t h i s  s y n t h e t i c  
diamond b i t  produced t h e  g r e a t e s t  pene- 
t r a t i o n  r a t e  of  a v a i l a b l e  d r i l l  b i t s .  
FIGURE 4.  - Post-mounted, e l e ~ t r o h ~ d r o u l i c  dr i l l .  
Behind t h e  c o r e  b a r r e l ,  a  combina t ion  of 
BX and EW f l u s h  j o i n t  c a s i n g  i n  5 - f t  
( 1 . 5 3 )  l e n g t h s  made up t h e  d r i l l  
s t r i n g .  
Normal ly ,  a  c o r e  r e t r i e v e r  w i t h  
a t t a c h e d  w i r e  l i n e  must be i n s e r t e d  i n  
t h e  d r i l l  r od  and d r i v e n  by w a t e r  p re s -  
s u r e  t o  t h e  r e a r  of t h e  c o r e  b a r r e l  a f t e r  
e a c h  4-f t (1.2711) i n t e r v a l  d r i l l e d .  How- 
e v e r ,  w i t h  c a r e f u l  a p p l i c a t i o n  of t h r u s t ,  
40 f t  ( 1 2  m) c o u l d  be  d r i l l e d  a s  p o r t i o n s  
of t h e  c o r e  would b r e a k  o f f  and s l i p  down 
t h e  r o d s .  When, e v e n t u a l l y ,  t h e  c o r e  
became lodged  a g a i n s t  t h e  i n n e r  w a l l s  of 
t h e  d r i l l  r o d  o r  when t h e  we igh t  o f  t h e  
c o r e  i n t e r f e r e d  w i t h  d r i l l i n g ,  t h e  crew 
p u l l e d  t o o l s  and removed t h e  co re .  Us ing  
t h i s  t e c h n i q u e  a n d  w i t h  two s h i f t s  o f  
d r i l l i n g  p e r  day ,  e a c h  h o l e  was comple ted  
i n  no more t h a n  1 3  days .  
P' 
FIGURE 5. - P las t i c  standpipe wi th borehole seals. 
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FIGURE 6. - Underground data acquisi t ion pipeline. 
With t h i s  p rocedure ,  a f t e r  comple- 
t i o n  of d r i l l i n g ,  t h e  s t e e l  c a s i n g  i s  
removed and r e p l a c e d  by a  20-f t  (6 . l -m)  
p l a s t i c  s t andp ipe .  Borehole s e a l s  4  i n  
( 1 0  cm) i n  d iamete r  a r e  p laced  a t  r e g u l a r  
i n t e r v a l s  a l o n g  t h e  s t andp ipe .  One-half 
i r h  (13mm) p l a s t i c  t u b i n g  c a r r i e s  a  
g r o u t  mix tu re  from a  pneumatic pump t o  
e a c h  boreho le  s e a l  ( f i g .  5) .  S t e e l -  
r e i n f o r c e d  2-in (5-cm) s u c t i o n  hose  i s  
METHANE MONITORING 
Three  p e r m i s s i b l e  methane moni to r s  
a r e  p o s i t i o n e d  a l o n g  t h e  underground 
p i p e l i n e  ( f i g .  3 ) .  The c o n c e n t r a t i o n  of 
methane d e t e c t e d  by t h e s e  s e n s o r s  i s  
e l e c t r o n i c a l l y  t r a n s m i t t e d  t o  t h e  s e n s o r  
board  l o c a t e d  i n  i n t a k e  a i r  ( f i g .  7 ) .  
Here t h e s e  s i g n a l s  a r e  d i s p l a y e d  a s  
i n s t a n t a n e o u s  methane l e v e l s  a t  each  sen- 
s o r .  A c o n t i n u o u s  c o n c e n t r a t i o n  p l o t  is  
produced by c h a r t  r e c o r d e r s .  Near t h e  
s e n s o r  board,  a  100-V a c  a i r  compressor 
f a s t e n e d  t o  t h e  s t andp ipe .  The methane 
m i x t u r e  t h e n  p a s s e s  through l o f t  
(3.0 m) of  2-in ( 5  cm) s c h e d u l e  40 s t e e l  
p ipe .  k s u c t i o n  hose  c o n n e c t s  t h e  s t e e l  
p i p e  t o  s a d d l e  f i t t i n g s  l o c a t e d  e v e r y  
100 f t  (30.5 m) o n  t h e  main p i p e l i n e .  
T h i s  p i p e  c o n t a i n s  a l l  t h e  equipment and 
f i t t i n g s  r e q u i r e d  f o r  t h e  a c q u i s i t i o n  of 
d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  ( f i g .  6 ) .  
AND SAFETY SYSTEM 
m a i n t a i n s  a  50- t o  80-ps i  (3.5- t o  5.6- 
kg/cm2) p r e s s u r e  i n  a  314-in (19-mm) PVC 
p i p e l i n e .  Th i s  p i p e  i s  f a s t e n e d  t o  t h e  
t o p  of t h e  main p i p e l i n e  and r u n s  i t s  
e n t i r e  l e n g t h .  
Normally c l o s e d  c o n t r o l  v a l v e s  on 
each of t h e  t h r e e  h o l e s  a r e  a t t a c h e d  t o  
t h e  PVC pipe .  I f  methane c o n c e n t r a t i o n s  
of 1  p c t  o r  more occur  i n  t h e  p i p e l i n e  
e n t r y ,  t h e  s e n s o r s  t r i g g e r  a warn ing  
FIGURE 7. - Monitoring and safety system. 
d i s p l a y  on t h e  s e n s o r  board. A t  1.2 p c t  cross-measure boreho les .  The a l a r m  i s  
methane, t h e  s e n s o r s  t r a n s m i t  a n  a la rm a l s o  a c t i v a t e d  i n  t h e  e v e n t  of a  power 
s i g n a l .  A t  t h e  s e n s o r  board, a v a l v e  i n  ou tage  a t  t h e  mine. A roof  f a l l  o v e r  t h e  
l i n e  w i t h  t h e  PVC opens e v a c u a t i n g  t h e  p i p e l i n e  l a r g e  enough t o  f r a c t u r e  t h e  PVC 
3 /4 - in  (19-mm) p i p e l i n e .  A l l  con- w i l l  s h u t  i n  t h e  boreho les .  
t r o l  v a l v e s  c l o s e ,  s h u t t i n g  i n  t h e  
GAS AND WATER FLOWS 
Only d u r i n g  t h e  o p e r a t i o n  of t h e  
s u r f a c e  e x h a u s t e r  cou ld  gas  be e x t r a c t e d  
from t h e  cross-measure boreho les  
( f i g .  8) .  The underground boreho les  were 
manually s h u t - i n  a t  t h e  c o l l a r  of each  
h o l e  a f t e r  e v e r y  test run. During most 
t e s t  r u n s ,  enough l o c a t i o n s  were moni- 
t o r e d  t o  de te rmine  t h e  t o t a l  volume of  
g a s  g i v e n  o f f  by, an2 removed from, t h e  
s t u d y  panel .  
Gas p r o d u c t i o n  from t h e  underground 
d e g a s i f i c a t i o n  sys tem began on June  11,  
1980. While connec t ing  h o l e  1  t o  t h e  
main p i p e l i n e ,  a  vacuum i n t o  t h e  gob was 
noted.  Avacuum of 5.3 i n  (13  cm) H20 
was measured, producing a  f low of  27 cfm 
(0.76 m3/min). A s t a n d i n g  wave of wa te r  
a t  t h e  c o l l a r  of t h e  ho le  was h e l d  i n  
p l a c e  by t h e  vacuum. On t h i s  d a t e ,  a  
t e s t  run  of 1 hour produced 2,200 f t 3  
(62  m3) of  pure  methane a t  a n  a v e r a g e  
c o n c e n t r a t i o n  of 34 p c t  methane. The 
n e g a t i v e  p r e s s u r e  a t  t h e  h o l e  averaged 
2.7 i n  (6 .9  cm) Hg. Subsequen t ly ,  wa te r  
f lowing  f r e e l y  from h o l e  1 choked t h e  
main p i p e l i n e .  A wa te r  s e p a r a t o r  b u i l t  
t o  o p e r a t e  under  a  vacuum was d e s i g n e d  
FIGURE 8. - Bureau of Mines vertical borehole and surface sight. 
and  f a b r i c a t e d  by Bureau pe r sonne l .  Wa- 
t e r  f lows  of 3  gpm (11.3 l / m i n )  were  mea- 
s u r e d  on h o l e  l d u r i n g  t h i s  pe r iod .  The 
p i p e l i n e  was d r a i n e d ,  and t h e  w a t e r  sep -  
a r a t o r s  were i n s t a l l e d  on h o l e s  1  and 2. 
Day 16 was t h e  f i r s t  day of g a s  pro- 
d u c t i o n  on h o l e  2. Only h o l e  2 was on 
s t r e a m  d u r i n g  t h i s  t e s t  w i t h  bo reho le  33- 
12  o p e r a t i o n a l .  Cross -measure  bore-  
h o l e  2,  s u r f a c e  b o r e h o l e  33-12, t h e  
B u r e a u ' s  s u r f a c e  b o r e h o l e ,  and t h e  e v a l u -  
a t i o n  p o i n t  were mon i to red  ( f i g .  3 ) .  The 
r e l a t i v e l y  low volume of methane 
t h e  t e s t  t o  0.4 i n  (1 .0  cm) Hg n e a r  t h e  
end of t h e  t e s t .  
On day 17 ,  h o l e s  1  and 2  were on 
s t r e a m  and b o r e h o l e  33-12 was s h u t - i n .  
The l o w e s t  volume of methane a t  t h e  eva l -  
u a t i o n  p o i n t  c o r r e s p o n d s  t o  t h e  peak 
methane p r o d u c t i o n  from t h e  Bureau ' s  s u r -  
f a c e  b o r e h o l e  ( f i g .  10 ) .  Under a  nega- 
t i v e  p r e s s u r e  of 2.5 i n  (6.4 cm) Hg, 
100 x 103 c f d  (2.8 x 103 m3/day) of 
100 p c t  methane were produced on day 17. 
Methane c o n c e n t r a t i o n s  were  no problem, 
a l t h o u g h  b o r e h o l e  33-12 was shu t - in .  
e x t r a c t e d  d u r i n g  t h i s  t e s t  does  n o t  con- 
c l u s i v e l y  e s t a b l i s h  t h e  e f f e c t i v e n e s s  of With b o r e h o l e s  33-12 s h u t - i n  and 
underground gob g a s  d r a i n a g e  d u r i n g  long- h o l e s  1  and 2 p roduc ing  g a s  on day 22,  
w a l l  mining ( f i g .  9 ) .  The n e g a t i v e  p r e s -  t h e  b l e e d e r s  a g a i n  were e s s e n t i a l l y  f r e e  
s u r e  a t  h o l e  2  was g r a d u a l l y  changed from of methane. C o n c e n t r a t i o n s  of methane a t  
3.0 i n  (7.6 cm) Hg a t  t h e  beg inn ing  of t h e  e v a l u a t i o n  p o i n t  n e v e r  exceeded  
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FIGURE 10. - Methane production for day 17. 
0.2 p c t  anywhere i n  t h e  mouth of  t h e  
e n t r y .  Note t h e  c o r r e s p o n d e n c e  between 
t h e  peak  p r o d u c t i o n  measured on t h e  s u r -  
f a c e  a t  1.75 h o u r s  and  t h e  l o w e s t  meth- 
a n e  volume unde rg round  a t  1.85 h o u r s  
( f i g .  11 ) .  
The g a s  b e i n g  removed by t h e  h o l e s  
d r i l l e d  i n t o  t h e  roof  i s  e i t h e r  d e r i v e d  
f rom o r  added t o  t h e  g a s  r e l e a s e d  from 
t h e  caved a r e a .  The h o l e s  communicate 
w i t h  gob g a s  th rough  t h e  gob f r a c t u r e  
s y s t e m ,  b u t  t h e  h o l e s  a l s o  p e n e t r a t e  
methane-bear ing  h o r i z o n s .  Be fo re  t u r n i n g  
o f f  t h e  Bureau ' s  b o r e h o l e  e x h a u s t e r  a t  
6.25 h o u r s ,  t h e  33-12 b o r e h o l e  e x h a u s t e r  
was r e s t a r t e d  c o r r e s p o n d i n g  t o  a  r educed  
amount of  methane a t  t h e  e v a l u a t i o n  
p o i n t .  
A c o n t i n u o u s  40-hour t e s t  was begun 
a t  8:00 a.m. on  day 29. Again,  bore-  
h o l e  33-12 was s h u t - i n  and  h o l e s  1 
and 2  were  on s t r e a m  ( f i g .  1 2 ) .  The par-  
t i a l  vacuum a t  e a c h  h o l e  was h e l d  
c o n s t a n t  a t  a b o u t  2.6 i n  (6.6 cm) Hg. 
Methane a t  e a c h  h o l e  underground a n d  a t  
t h e  s u r f a c e  d i d  n o t  change  a p p r e c i a b l y  
( f i g .  1 3 ) .  Dur ing  t e s t  hour  28, h o l e s  1 
and  2  were s h u t - i n  underground t o  d r a i n  
w a t e r  from t h e  main p i p e l i n e .  With 
b o r e h o l e  33-12 s h u t - i n ,  t h e  volume of  
methane a t  t h e  e v a l u a t i o n  p o i n t  r o s e  
s t e a d i l y  u n t i l  hour  30 of  t h e  t e s t ,  when 
f low was r e s t o r e d .  It c a n  be s e e n  from 
f i g u r e  13  t h a t  t h e r e  was l i t t l e  change  i n  
c o n c e n t r a t i o n  d u r i n g  t h e  nonproduc ing  
pe r iod .  The temporary  s h u t - i n  of  t h e  
h o l e s  unde rg round  was u n s u c c e s s f u l  a t  
removing w a t e r  and  i n c r e a s i n g  p i p e l i n e  
f low.  T h e r e f o r e ,  t h e  f l u c t u a t i o n s  i n  
methane p r o d u c t i o n  a t  t h e  s u r f a c e  a n d  
methane volume underground be tween 
h o u r s  28 and 3 3  a r e  a  f u n c t i o n  of changes  
i n  t h e  volume of t h e  g a s  r e s e r v o i r  n e a r  
t h e  gob. 
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FIGURE 11. - Methane product ion for day 22. 
I n t e r f e r e n c e  t e s t s  were conducted t o  gob i n t o  h o l e  2  and through t h e  main 
q u a n t i f y  communication between h o l e s .  No p i p e l i n e .  Sampling was conducted a t  t h e  
d i s c e r n i b l e  d i v e r s i o n  of methane f low s u r f a c e  s i t e  and a t  boreho le  33-12 f o r  
c o u l d  be made. Also,  s u l f u r  h e x a f l u o r i d e  3 hours  f o l l o w i n g  t h e  r e l e a s e  of t h e  
(SF6) t r a c e r  gas  was r e l e a s e d  i n t o  bore- t r a c e r .  Although SF6 i s  d e t e c t a b l e  i n  
h o l e  1. While l i b e r a t i n g  t h e  g a s ,  h o l e  2  c o n c e n t r a t i o n s  of 1  ppb, no t r a c e r  was 
was on s t r e a m  a t  f u l l  vacuum i n  an  found i n  any of t h e  g a s  b o t t l e  samples.  
a t t e m p t  t o  p u l l  t h e  t r a c e r  through t h e  
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FIGURE 12. - Methane product ion during a cont inuous  40-hour t e s t  on d a y s  29 and 30. 
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FIGURE 13. - Methane concentration during a continuous 40-hour t e s t  on d a y s  29 and 30. 
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Cumulat ive  Flow Data h o l e  3  showed a  t r a c e  of w a t e r  t o o  s m a l l  
t o  be a c c u r a t e l y  measured,  l e s s  t h a n  
T a b l e  2  shows t h e  t o t a l  volume of 0.5 q t  (0.47 1 )  p e r  5  minu tes .  Flows 
methane removed from e a c h  h o l e  d u r i n g  f rom h o l e s  1  and 3  were comparable  
t h i s  s t u d y .  Hole 3  produced g a s  on one between days  85  and 90, a f t e r  
day  o n l y  (day  29) .  which h o l e  3  f l o w s  dropped s t e a d i l y .  
Cumula t ive  w a t e r  f l o w s  a r e  g i v e n  i n  
Fo l lowing  t h e  i n i t i a l  s u r g e  of  t a b l e  2. Hole 2  produced no w a t e r  
12  q t / m i n  (11.32 l / m i n ) ,  w a t e r  f low from because  i t  d i d  n o t  p e n e t r a t e  t h e  Mahoning 
h o l e  1  remained f a i r l y  c o n s i s t e n t  a t  4  t o  Sandstone .  
6 q t / m i n  ( f i g s .  1 4 a n d  15) .  On d a y 3 6 ,  
TABLE 2. - Cumulat ive  methane and w a t e r  f l o w s  
Hole 1  ....... 
Hole 2.. . . . . . 
Hole 3  ....... 
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FIGURE 14. - Water production for hole 1. 
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FIGURE 15. - Water production for ho le  3. 
CONCLUSIONS 
Underground gob g a s  d r a i n a g e  d u r i n g  
l o n g w a l l  m in ing  c a n  make i n v a l u a b l e  con-  
t r i b u t i o n s  t o  t h e  U.S. c o a l  m in ing  i n d u s -  
t r y .  F u t u r e  s t u d i e s  may b e n e f i t  f r o m  
i n f o r m a t i o n  t h a t  h a s  been  p r e s e n t e d  he re .  
The a u t h o r s  s t r e s s  t h a t  no  methane  was 
e n c o u n t e r e d  d u r i n g  d r i l l i n g ;  l i t t l e  o r  no  
methane  was found  u n t i l  t h e  gob  f r a c t u r e  
s y s t e m  i n t e r c e p t e d  t h e  c r o s s - m e a s u r e  
b o r e h o l e s ,  and  g a s  was a v a i l a b l e  from t h e  
c r o s s - m e a s u r e  b o r e h o l e s  o n l y  when 
e x t r a c t e d  u n d e r  a  n e g a t i v e  p r e s s u r e .  Gas 
p r o d u c t i o n  f rom h o l e s  1 a n d  2 was more 
t h a n  s u f f i c i e n t  t o  m a i n t a i n  s a f e  methane  
c o n c e n t r a t i o n s  i n  b l e e d e r  e n t r i e s  w h i l e  
t h e  c o n v e n t i o n a l  means of  gob  g a s  d r a i n -  
a g e  was n o t  i n  u s e  and  d u r i n g  l o n g w a l l  
mining.  Communicat ion be tween  c r o s s -  
measure  b o r e h o l e s  c o u l d  n o t  be  i n d u c e d  
w i t h  t h e  c h o s e n  h o l e  s p a c i n g .  The con- 
c e n t r a t i o n  of t h e  g a s  d r a i n e d  was e s s e n -  
t i a l l y  c o n t a n t  o v e r  a  40-hour p e r i o d .  A 
c o s t  a n a l y s i s  w i l l  be  i n c l u d e d  i n  f u t u r e  
s t u d i e s  i n  t h i s  f i e l d .  
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